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(57) The present invention provides novel methods 
and means for delivering a heterologous nucleic acid of 
interest to mesenchymal stem cells by providing recom- 
binant adenoviral vectors provided with, or having a nat- 
ural tropism for mesenchymal stem cells, typically in 
combination with a reduced tropism for other kinds of 
cells, in particular liver cells. The invention also provides 
mesenchymal stem cells provided with a heterologous 



nucleic acid through the use of a recombinant adenovi- 
ral vector according to the invention, and the use of such 
mesenchymal stem cells for the preparation of medica- 
ments for the treatment of multiple sclerosis, rheumatoid 
arthritis, angiogenesis and bone related disorders, for 
instance in treatments that involve bone (re)generation. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods and means for transducing mesenchymal stem cells with a desired 
nucleic acid. Mesenchymal stem cells are a recently discovered kind of stem cells for which suitable transfer vehicles 
are still desired. Typical gene delivery vehicles such as the generally used adenoviruses or adeno associated viruses 
have no particular tropism for mesenchymal stem cells as disclosed herein. 

Thus, in particular the present invention relates to the field of gene therapy, more in particular to gene therapy using 
adenoviruses provided with tropism for mesenchymal stem cells. 

BACKGROUND OF THE INVENTION 

[0002] In gene therapy, genetic information is delivered to a host cell in order to either correct (supplement) a genetic 
deficiency in said cell, or to inhibit an unwanted function in said cell, or to eliminate said host cell. Of course the genetic 
information can also be intended to provide the host cell with a wanted function, for instance to supply a secreted 
protein to treat other cells of the host, etc. 

Thus there are basically three different approaches in gene therapy, one directed towards compensating a deficiency 
present in a (mammalian) host; the second directed towards the removal or elimination of unwanted substances (or- 
ganisms or cells) and the third towards providing a cell with a wanted function. 

In order to provide cells with a gene (nucleic acid) of interest for any of the purposes identif ied'above, a vehicle capable 
of delivering said gene to a host cell in an functional format is necessary. In certain instances transient expression (up 
to a number of weeks or somewhat longer) is desired, in others permanent transduction of a host cell seems necessary. 
In order to achieve these goals various vehicles are available. Retroviruses and adeno associated viruses are capable 
of integrating their genome (including a gene (nucleic acid) of interest) into the genome of a host cell, adenoviruses 
remain episomal. 

However, adenoviruses are better capable of infecting many kinds of cells, whereas retroviruses can only infect certain 
specific cells. Combinations of different viruses (chimaeric viruses) have been proposed to use the advantages of 
different kinds of viruses. 

Of course non viral delivery systems are also available as are synthetic viruses, all of which can also be adapted to 
the specific target at hand. All of these systems may be applied in the present invention. 

It is known that stem cells are typically difficult to infect to a significant extent with the gene delivery vehicles of the 
prior art. If infection succeeds, functional expression, especially over a significant amount of time has been difficult to 
achieve. The infection of stem cells has been considered one of the more disappointing aspects of gene therapy. 
The present invention provides methods and means for delivering genes (nucleic acids of interest) to mesenchymal 
stem cells by providing gen delivery vehicles with a tropism for mesenchymal stem cells, typically in combination with 
a reduced tropism for other kinds of cells, in particular liver cells. 

Thus the invention provides a nucleic acid delivery vehicle having at least a tissue tropism for mesenchymal stem cells 
and preferably having at least partially reduced tissue tropism for liver cells and other cells with which the gene delivery 
vehicle may come in contact in the host. Typically said vehicle according to the invention is provided with said tissue 
tropism by at least a part of a virus capsid (or envelope) or a functional derivative and/or analogue thereof. The capsid 
may comprise proteins, or functional parts, derivatives and/or analogues thereof from one or more viruses of the same 
species, but different subtypes or from different viruses. Preferably at least one of said viruses is an adenovirus, typically 
an adenovirus of subgroup B. Typically at least one of said proteins derived from said capsid comprises a tissue tropism 
determining part of a fiber protein derived from a subgroup B adenovirus, in particular from an adenovirus of serotype 
1 1 , 1 6, 35 and/or 51 or a functional derivative and/or analogue thereof. The present invention shows that gene delivery 
vehicles according to the invention provided with a tissue tropism determining part of an adenovirus type B fiber have 
increased tropism for mesenchymal stem cells. A particular suitable tropism determining part can be derived from the 
fiber protein of adenovirus 16. It is preferred to use a whole fiber protein of an adenovirus comprising such a part of 
the fiber of adenovirus 16. 

We have found that chimaeric adenoviruses are particularly suitable for targeting mesenchymal stem cells. Thus the 
invention further provides a gene delivery vehicle according to the invention further comprising at least one protein 
derived from an adenovirus not belonging to subgroup B, or a functional part, derivative and/or analogue thereof. 
Preferably said protein or a functional part, derivative and/or analogue thereof not derived from an adenovirus of sub- 
group B is derived from an adenovirus of subgroup C, preferably of adenovirus 5 for reasons described below. Also 
the nucleic acid comprising the nucleic acid of interest (the gene) to be delivered is preferably of adenoviral origin, be 
it of one or more different adenoviruses. Typically the adenovirus derived nucleic acid encodes a fiber protein comprising 
at least a tissue tropism determining part of a subgroup B adenovirus fiber protein, in particular of a serotype 11,16, 
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35 and/or 51, preferably of adenovirus 16 or a functional derivative and/or analogue thereof. Functional derivatives 
and analogues when used herein are intended to read on molecules based on the ones disclosed herein, be it chemically 
derived, theoretically derived or experimentally designed to have the same function (in kind not necessarily in amount). 
This includes in the case of nucleic acids and/or proteinaceous molecules, molecules having a high homology to the 
particular ones disclosed (both fragments and derivatives) and providing similar function. In some embodiments the 
nucleic acid delivery vehicle must not replicate in target cells. In such instances it is preferred that said adenovirus 
nucleic acid is a modified nucleic acid such that the capacity of said adenovirus nucleic acid to replicate in a target cell 
has been reduced or disabled, preferably through a deletion of at least part of the adenoviral E1 -region. In order to 
achieve expression of the gene of interest over a significant amount of time, it is preferred to provide a gene delivery 
vehicle capable of avoiding an immune response to a certain extent. Therefor the invention provides a vehicle according 
to the invention, wherein said adenovirus nucleic acid is a modified nucleic acid such that the capacity of a host immune 
system to mount an immune response against adenovirus proteins encoded by said adenovirus nucleic acid has been 
reduced or disabled, preferably through a deletion of adenovirus E2A and/or at least part of the E4-region. 
The invention also provides a vehicle according the invention, comprising a minimal adenovirus vector or an Ad/AAV 
chimaeric vector. 

The invention further provides methods for the production of a vehicle according to the invention, comprising providing 
a cell with means for the assembly of said vehicle wherein said means includes a means for the production of an 
adenovirus fiber protein, wherein said fiber protein comprises at least a tissue tropism determining part of a subgroup 
B adenovirus, in particular a serotype 11, 16, 35 and/or 51 adenovirus fiber protein or a functional derivative and/or 
analogue thereof. Further details are given in the detailed description. 

The invention further provides a cell for the production of a vehicle according to the invention, comprising means for 
the assembly of said vehicle wherein said means includes a means for the production of an adenovirus fiber protein, 
wherein said fiber protein comprises at least a tissue tropism determining part of a subgroup B adenovirus fiber protein,' 
in particular a serotype 11 , 16, 35 and/or 51 adenovirus or a functional derivative and/or analogue thereof, preferably 
said cell is or is derived from a PER.C6 cell (ECACC deposit number 96022940). Further details are given in the 
detailed description. 

DETAILED DESCRIPTION 

[0003] For the sake of brevity the present invention is explained in more detail based on one of its embodiments 
relating to gene delivery vehicles based on adenoviruses. 

For the purpose of gene therapy, adenoviruses have been proposed as suitable vehicles to deliver genes to the host. 
Gene-transfer vectors derived from adenoviruses (so-called adenoviral vectors) have a number of features that make 
them particularly useful for gene transfer. 1 ) the biology of the adenoviruses is characterized in detail, 2) the adenovirus 
is not associated with severe human pathology, 3) the virus is extremely efficient in introducing its DNA into the host 
cell, 4) the virus can infect a wide variety of cells and has a broad host-range, 5) the virus can be produced at high 
virus titers in large quantities, and 6) the virus can be rendered replication defective by deletion of the early-region 1 
(E1 ) of the viral genome (Brody et al, 1 994). 

[0004] However, there are still drawbacks associated with the use of adenoviral vectors especially the well-investi- 
gated serotypes of subgroup C adenoviruses. These serotypes require the presence of the Coxsackie adenovirus 
receptor (CAR) on cells for successful infection. Although this protein is expressed by many cells and established cell 
lines, this protein is absent on many other primary cells and cell lines making the latter cells difficult to infect with 
serotypes 1 , 2, 5, and 6. 

[0005] The adenovirus genome is a linear double-stranded DNA molecule of approximately 36000 base pairs. The 
adenovirus DNA contains identical Inverted Terminal Repeats (ITR) of approximately 90-140 base pairs with the exact 
length depending on the serotype. The viral origins of replication are within the ITRs exactly at the genome ends. 
Most adenoviral vectors currently used in gene therapy have a deletion in the E1 region, where novel genetic information 
can be introduced. The E1 deletion renders the recombinant virus replication defective (Levrero et al 1991). It has 
been demonstrated extensively that recombinant adenovirus, in particular serotype 5 is suitable for efficient transfer 
of genes in vivo to the liver, the airway epithelium and solid tumors in animal models and human xenografts in immu- 
nodeficient mice (Bout 1996; Blaese et al 1995). Thus, preferred methods for in vivo gene transfer into target cells 
make use of adenoviral vectors as gene delivery vehicles. 

[0006] At present, six different subgroups of human adenoviruses have been proposed which in total encompasses 
51 distinct adenovirus serotypes. Besides these human adenoviruses an extensive number of animal adenoviruses 
have been identified (see Ishibashi et al 1983). 

[0007] A serotype is defined on the basis of its immunological distinctiveness as determined by quantitative neutral- 
ization with animal antisera (horse, rabbit). If neutralization shows a certain degree of cross-reaction between two 
viruses, distinctiveness of serotype is assumed if A) the hemagglutinins are unrelated, as shown by lack of cross- 
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3!2S! °" hema 99 ,u, ' natlon ^ h ' brti °". or B) substantial biophysical/ biochemical differences in DNA exist (Francki et 
SIE^J I ™ ne S ! r< ^S^ 'dentified last (42-51 ) were (solated for the firet time from HIV-infected patiente (Hi^oteeJ 

K H?l l nW,USeS ** W6re rare,y 0r never isolated ,rom immune-competent individuals (Hle^olTet al 
1 988 and 1 992; Khoo et al 1 995; De Jong et al 1 999). imemoizer et al 

[0008] The adenovirus serotype 5 is most widely used for gene therapy purposes. Similar to serotypes 2 4 and 7 

insE T?? ^ Bnd 0ther Lues. In cont^t Sown 

nstance. serotypes 40 and 41 have a natural affiliation towards the gastrointestinal tract. For a detailed overview of 

towS ^T the ? eren ' aden ° VirUS Ser0types See tab,e 1 - ™ e na,ural »°" of a given sZype 

2l2L!? . T?- 6 '! ier b6 dUS 10 3 differenCe 1,16 f0ute 0f in,ection i e ' make «*> °f different rSor 
Zln k , I In,ema Eat, ° n pa,hwa y s - However . » can also be due to the fact that a serotype can infect many tSuS 

° " ''A' ICa,e ° r9an b6CaUSe ° f ,he requiremem of certain ce.lula'factors for repS Kand 
cZ Jh^I ? rt ,S Unkn ° Wn WhiCh °' the above mentioned mechanisms responsible for the 

T h d,S6aSe association - However « « know" that different adenovirus serotypes can b^d 
LZT l I 10 SeqU6nCe dissimilarif y of tne c ^PSid proteins i.e. hexon, penton, and fibefproSn For 

instance , has been shown that adenoviruses of subgroup C such as Ad2, and Ad5 bind to different rSors as 
compared to adenoviruses from subgroup B such as Ad3 (Defer eta.J 990). Likewise Jt was demonsSedS 

Ka,rs,itr,ar , * B the Ad3 with the Ad5 knob protein - and vice — <~sss 

Srpnrp^ a h ? 9 6 ° f d,fferences in cellular host range which in turn might be the result of 
differences in capsid proteins, in particular the fiber protein. 

The invention also provides a library of adenoviruses in which the sequence encoding for the fiber protein from alter- 
nate serotypes has been cloned into an adenovirus serotype 5 backbone thereby generating a chimae TrteZvZ 
This chimaeric adenovirus thus has the host range of the adenovirus serotype of which the fiL sequence was Zed 
whereas all other aspects are derived from adenovirus serotype 5 sequence was cloned 

Z C Zn ST 3 9 !"f 1 intereSt Ca " be inSerted at ,0r instance site of E1 of the original adenovirus from which 
the vector ,s derived. In th,s manner the chimaeric adenovirus to be produced can be adapted to the requirements and 
needs of certain hosts in need of gene therapy for certain disorders. Naturally, to enabfe productiZ a cSaeric 
adenovirus, a packaging cel. will generally be needed in order to produce sufficient amount of sa?e chimaerS • aTno- 

[0010] An important feature of the present invention is the means to produce the chimaeric virus. Typically one does 

EST 3 T7 US f ^ ? ^ administered to a host ce » ««* contains replication compeJESJS^T 
ttiough th s is not always true. In general therefor it is desired to omit a number of genes (but at least oneZ\ 

25Z£E?h° n hm VeC, °: enCOdin 9 ,he chimaeric *» ™« to supply these genes in the ge TO me oHhe ce.Mn 
which thevector is broughttoproducechimaericadenovirus.Suchacell is usually called a packaging cell The invention 

SKfiT? a " d PaCka9 ' n ? Ce " haVS t0 bS adap,6d 10 ° ne an0tner in ** the V have a » necessary elemer 
but that they do not have overlapping elements which lead to replication competent virus by recombination 

In the human body circulating blood cells survive for a predetermined period which, depending on the cell type can 

vary from hours to months. Therefore, there is a continuous need for red cells, platele s, l£nphc^Z£$J and 

f T* " k6Pt S 3 C0 " Stant ,eVe ' thr ° U9h divisi0n and Nation of hemopSfe stem 
ceHs (HSCs) derived from bone marrow. One of the features of HSCs is that they not adhere to plastic culture dishes 
under ex vivo culture conditions. Besides HSC, in recent years another stem-cell like cel. has IZES£iJ£j 
marrow which ,s of non-hemopoietic origin and which does adhere to plastic support. This stem cell-like c*l is o* 
mesenchymal origin and is therefore designated as mesenchymal stem cells or bone marrow marrow stoma celS 

^tSSESi"^ T 3i r T de,ermined bUt th6ir * demonstrated™ E2£ 

lions that MSCs can differentiate into osteoclasts, chondroblasts, fibroblasts, adipocytes and myoblasts (reviewed- 
Prockop et al 1 997). Although HSCs and MSCs can be isolated from bone marrow only the m^SSiSSZ, 
other issues such as skeletal muscle (Jackson et al 1 999), liver (Crosbie et al 1 999), and brain (Bjornson e t aM 999? 
The plunpotency of MSCs was futher emphizised by the observation that MSCs derived from bSinTre capable to 
produce a variety of blood cell types including myeloid and lymphoid cells (Bjornson et a. 1999). Like HSCs the MSCs 
are being explored as vehicles for cell-, and gene therapy. MSCs are relatively easy to obtain t orn smaH bone marrow 

332 TV"? ane T S ' a ^ are e3Sy ,0 CU ' ,Ure Under ex "-conditions without *J£iTJT££Z 
ac eristics. Applications of MSCs for therapeutic interventions are both ex vivo, in the field of tissue engineer no as 
well as ,n v,vo for treatment of acquired or congenital diseases. One, non-limiting, example is to isolate MSCs from 
thebone marrow of patients afflicted with degenerative arthritis, expand me cells in culture geneticartym^ 
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such that they express factors which interfere with for instance synoviocyte proliferation or inflammation and then 

SET" , ce,ls T in,othe afflicted ioints - Non - ,imi,in9 examples °* 9 enes which 

ocyte prol.ferat.on or .nflammafion is IL-10 (Dechanet et al 1995) or soluble VCAM-1 (Chen et al 1995) AnotneX 

e' arnoTe of ?J7 ^ * M8 ° > f" ^ m0d " 8d l ° ^ StimulatofS ° f bone generation A n^mifing 
example of such genes .s bone morphogenesis protein-2 (BMP-2) or LIM mineralization protein-1 (LMP-1) (Lou et ri 
1 999. Boden et a. 2000). These genetically modified MSCs are subsequently transplanted Sly -tohSuce btne fo* 
mat.on. Alternately, the cells are cultured ex vivo in a bio-reactor on a collagen scaffold to tZ aSbone ttet 
can be surg-cafiy transplanted. Locally injected MSCs were shown to promote repair of surgical^ioS in me knTe 

etS 19 e 94° Br 25 "jS E?£ ^ » Pr0m0te b ° nS ^ « «JZS I Go dSg 

et al 1994, Bruder et al 1994, Wakrtam et al 1994 . The same strategy can be applied to treat for instant mi, mm* 

scleros^Here. autologous MSCs are genetically modified to expressVophinteSe ^S2i2S3SS 

S2T e H amPle iS t0 ™ ^ ' ailUre Which 0356 MSCs ex P ressi "9 angiogenic SgTactoS are 

transplanted .n .scheme regions of a diseased heart. In the latter case genes such as nitric oxide synftai fNO?i a? 
vascular endothelial growth factor (VEGF), or C-naturetic peptide (CNP) can be used >' 
[001 1] Another, non-limiting, example of an application of MSCs is to infuse MSCs systemically after the cells have 
been genet.ca.ly modified to express secreted proteins. The MSCs home at different placesTn ll ^TodTsec etinq a 

js^est e T< its ,u ? o r at speci,ic (dis,ant) sites - Non - ,imi,ir * exa ^- es °< w*«Si^sri: 

factor VIII factor IX, or mutant genes for B-glucocerebrosidase, erythropoietin (EPO). cc-L-iduronidase iduronate sul 
Side S ? T; N ; aC6tyl *°**°™**>~* a-glucosamine-N-acetyltranirase, SSRSSSlS. 

ceram.n.dase, acd sph.ngomyel.nase. galactocerebroside P-galactosidase. arylsuphatase A, adenosine deaminasT 
o-L-fucos.dase growth factors such as the interieukin family, angiogenesis stimulating or inhibiting factors such 2 toe 
nrtnc ox.de synthases (NOS1 -3). vascular endothelial growth factors (VEGF). Angiostatin 1 - Besides the ^diJecUnfu 
s.on of genetically modified MSCs the cells can encapsu.ated in inert material that allows Jl^i^E^ 
1 h Moo 6381 f ° r ,aCt ° r ' X the feaSibility 0f Ms ap P roach was show " immune-deficient nice transZteJ 
MSCS - Th6Se miCe 6XpreSSed FaC,0r ,X for at ,east 8 m ° nths ^er systemic infusion tranSp,an,ed 
[0012 One major advantage of MSCs over HSCs is that MSCs can be cultured to large numbers under ex vivo 
'°H r ° f multip0tenc * The la « er indi ^tes that the abovementioned sLegies c^be appTed to 
pafients wrthout me need for marrow ablative conditioning simply because large numbers of genetically moid eel s 
can be .n fused. The examples described indicate that MSCs are of interest for many different therapeutic s ateotes 

pjess.cn of exogenous genes is sufficient to trigger the MSCs to differentiate or to expre Jpe riodically secreted prt 
te.ns. Trans.ent expression is sufficient if a process needs to be triggered i.e. angiogenesis. chon^ogeS bZe 
(£2 ^ ^F^*?*" ^ression is necessary i.e. protein secretL to .1^225 
(Factor VIII. Factor IX. sugar reduc.ng enzymes etc). For all applications adenoviruses as gene deHvery vehicle can 

S^n^SS?"? Z b8 e T eered ,0 6ither " " 0t inte9rate im ° *• h0St Ce " enome (Coni - e 
Zheng et al 2000). In these stud.es an adenovirus is used to deliver an integrating vector (retrovirus) by cloning me 
retrov rus genome ,nto the adenovirus genome. To identify an adenovirus which efficiently transduces MScVpSs 
cl,n,cal appl.cat.ons of any of the above mentioned strategies. Therefore, it is important to understand the macular 
eSl a rt T' rUS J?** ^ internali2a,ion - F ° r ™* ~ «• the steps involved in 

elucidated at present for adenovirus serotype 5 will be described. The initial step for successful infection fs binding o" 
he adenowus to rts target cell, a process mediated through fiber protein. The fiber protein has a trime ric sfructure 
(Stouten etal1992) with differentlengths depending on the virus serotype(Signasetal1985 Kidde^ 

have po,ypep,ides with structurally simi,ar N and c termini - b « CSS 

he first 30 ammo ac.ds are .nvolved in anchoring of the fiber to the penton base (Chroboczek et al 1995) eTecS 
the conserved FNPVYP region in the tail (Arnberg et al 1 997). The C-terminus. or knob, is C^TfcSSSJ 

! , i oL c ,nte9nnS ' S Pr ° P0Sed 10 ,ead 10 intemal ^«on of viral particles in coated pits and endccytoS^rqan 
e al 1969;Svenssonetal 1984; Varga etal 1992; Greberetal 1993; Wickhametal 1995). IntegrinsareXmerSs 
o wh,ch at least 14 a-subunits and 8 p-sububits have been identified (Hynes et a. 1992). The ar a ^of "n Ss ^ 
pressed .n cells .s complex and will vary between cell types and cellular environment. Al^ 
conserved reg.ons. between serotypes, knob proteins show a high degree of variability, indicating that SSnt aden 
ov,rus receptors might exist. For instance, it has been demonstrated that adenoviruses of subgroup C (Ad ^ Ad5, and 
CAR as wen^ S )J 9f0Up B ^ Ad3 ^ bind t0 dif,e^en, receptors (Defer et al 1 990). By using baculovirus produced soluble 

adenovirus ~ ™ T*" * * °" 8) COnCluded via interferenc a studies that aS 

adenovirus serotypes, except serotypes of subgroup B, enter cells via CAR 

[0013] Besides the involvement in cell binding, the fiber protein also contains the type specific -^antigen, which to- 
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gather with the e-antigen of the hexon determines the serotype specificity. The yantigen is localized on the fiber and 
t m kr,own that it consists of 17 amino acids. The anti-fiber antibodies of the hosl are Lrefore directed to the tleric 
structure o the knob. To obtain redirected infection of recombinant adenovirus serotype 5, severafapp oachesZe 
been or still are under investigation. Wickham et al (1993 and 1995) have aitered the ROD Arg, Gly, *S£2Sil 
penton base which is beheved to be responsible for ovp3 and/or avfJS integrin binding to the penton base They have 
replaced this RGD motif by another peptide motif that is specific for the «4p1 receptor. In this way targeUng the ade 

STiSb' T '. tar9e K Ce "J r 0Ul t be accomplished - X^V* - ^ (1998) have made use of th'e Hiff £££ 
n the knob. This loop ,s. based on X-ray crystallographies, located on the outside of the knob trimeric structure and 

Tile ! 1 h m T 9611,19 °' ^ ad6n ° VirUS t0 ter9et ce,ls bv usin ° antibodies whfch recognize both the 
ob^eS 3 3 reCeP, ° r (KraSnykh 6t 31 1998) - H0WeVer ' COmp,ete CAR inde P endent was not 

[0014] It is an object of the present invention to provide a method and means by which an adenovirus can infect 

IZ7« T" mesench r a ' StGm Ce " S - There,ore ' in one embodiment *e generation of chfrnaeTadeS « 
based on adenovirus serotype 5 with modified fiber genes is described. For this purpose, two or three plasmTds wS 

encod ng the adenovirus serotype 5 fiber protein was removed and replaced by linker DNA sequences that facilttate 
easyclon,ng.Theplasmidin^ 

Zan or ST£ n^T™?! °" A ** ^ derived from diffe ™* -SSSSKJ 

human or animal). The DNAs derived from the different serotypes were obtained using the polymerase chain reaction 
technique ,n combination with (degenerate) oligonucleotides. At the former E1 location in .become °< adenov us 

SEZn ^ i ^ be C '° ned - A Sin9le tranS,eCtion procedure of »• »° or three plasmids togeTer 

eT22j? formation of a recombinant, fiber chimaeric adenovirus. Although successful introduction of changes Z 

f^ZZZTT ^ penton - base have bee " "Ported by others, the comp,ex structure of knob and me 
limited knowledge of the precise aminoacids interacting with CAR render such targeting approaches laborious and 

To overcome the limitations described above we preferably used pre-existing adenovirus fibers to maximize the chance 
of obtaining recombinant adenovirus which can normally assemble in the nucleus of a producer cell and w»S can "be 
produced on pre-existing packaging cells. By generating a chimaeric adenovirus serotype 5 based £7h» con 
tainmg fiber proteins of all other human adenovirus serotypes, we have developed a technology whic ^ enab es^rapid 

stem^s 6C0mb,nam 

[0015] In one aspect the invention describes the construction and use of plasmids consisting of distinct parts of 

a r a rr a ^ 

torThl T? SBr T eS - 8 861 °' COnS,rUCtS> in t0,al encom P a ^"9 the complete adenovirus genome altows 
^h^SSTm "".que chimaeric adenoviruses customised for transduction of particular ceil types or organ(s? 

is descried ' meanS m6th0dS ,0 Pr ° Pa9ate ' pr0dUCe ' and purif y ,iber cnimae ^ adenov'Ss 

[0016] In another aspect of the invention chimaeric viruses are described which have preferred infection character- 

ortlTnT T 2 Ch r a ' f" Ce " S - The aden ° Viral VSCt0rS pre,erab,v are derived &n 

or contain at least a functional part of the fiber protein from an adenovirus from subgroup B comprising at leasee 

binding moiety of the fiber protein. In a further preferred embodiment the adenoviral vectors mSHH voters 

or 51 !LH^H TZ 5 > and r t3in « ^ 3 ,UnCti0na ' P3rt * me ,iber protein from adenovirus t^e 1 6 3? 
the d.i 1 ? ''I 1 ' n a " embodiments *° ade " ovir a< vectors may be derived from the serotype ta ± 
tiie desired properties or that the adenoviral vector is based on an adenovirus from one serotype and contains he 

ess^st* desired functions of another sero,ype ' ,hese sequences -p*** »• ^ ztz!?* 

[0017] In another aspect of the invention the chimaeric adenoviruses may, or may not, contain deletions in the E1 
region and insertions of heterologous genes linked either or not to a promoter. Furthermore! cZSEJZ!££ 

therrnl" 1 ^^ " ' ?T de ' eti ° nS & "* inSertions 0< ha ' a '°'°oous genes linked to a dZSTSJ 
thermore, chimaeric adenoviruses may, or may not, contain deletions in the E2 and/ or E4 region and insertions of 
heterologous genes linked to a promoter. In the latter case E2 and/ or E4 complementing eel? lines a re to 
generate recombinant adenoviruses. requirea to 
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EXAMPLES 

Example 1: Generation of adenovirus serotype 5 genomic plasm id clones 

[0018] The complete genome of adenovirus serotype 5 has been cloned into various plasmids or cosmids to allow 
easy modrhc at.or .of parts of the adenovirus serotype 5 genome, while still retaining the capability to produce recom- 
binant virus. For this purpose trie following plasmids were generated: 

1. pBr/Ad.Bam-rlTR (ECACC deposit P97082122) 

w« ?L!rH° rd i r !?, ,aCilitate b,Unt end C ' 0nin9 ° f the ITR ^nces, wild-type human adenovirus type 5 (Ad5) DNA 
was treated wrth Klenow enzyme ,n the presence of excess dNTPs. After inactivation of the Klenow enzyme and 
purrficaton by pheno^chloroform extraction followed by ethanol precipitation, the DNA was digested with BamHI TOs 
DNA preparation was used without further purification in a ligation reaction with P Br322 derived vector DNA preoared 
as ; foNows: pBr322 DNA was digested with EcoRV and BamHI. dephosphorylated by treatment wTh TSAP enzyme 

h PU I' 6 ' ° n , LMP a9af0Se 961 (SeaP ' aqUe GTG) - After formation into competent e5 
Tn^l TeCh " lT analys,s of am P ,cl,ine resistant 'denies, one clone was selected that showed a digestion 
pattern as expected for an insert extending from the BamHI site in Ad5 to the right ITR 

Sequence analysis of the cloning border at the right ITR revealed that the most 3" G residue of the ITR was missina 
replicaZ ' TR ^ f ° Und ,0 ^ COrreCt " ^ miSSin9 G feSidUe iS COmp,emen ,ed b * the oSeMTR Zg 

2. pBr/Ad.Sal-rlTR (ECACC deposit P97082119) 

25 [0020] pBr/Ad Bam-rlTR was digested with BamHI and Sail. The vector fragment including the adenovirus insert 
was isolated in LMP agarose (SeaP.aque GTG) and Hgated to a 4.8 kb Sa.l-BamHI fragmen?obta?ned Z v^ S 
DNA andpunf.ec wrth the Genecleanllkit(Bio101,lnc.).Oneclonewas chosen and the integrity of the Ado sequences 
was detem^ned by restriction enzyme ana.ysis. Clone P Br/Ad.Sal^ 
site at bp 1 6746 up to and including the rITR (missing the most 3 G residue). 

3. pBr/Ad.Cla-Bam (ECACC deposit P97082117) 

EL?^ 5 Df ! A W3S di9eSted With Clal and BamHI ' and the 20 6 "» ,ra 9 m ent was isolated from gel by 

men^ wtlT t h ^ *" ^ ^ ,rom a 9 arose & * G ^^lean. Both frag 

ments were Hgated and transformed ,nto competent DH5a. The resulting clone pBr/Ad.Cla-Bam was analysed by re- 
section enzyme digestion and shown to contain an insert with adenovirus sequences from bp 919 to 21566. 

4. pBr/Ad.Aflll-Bam (ECACC deposit P97082114) 

[0022] Clone P Br/Ad.Cla-Bam was linearized with EcoRI (in P Br322) and partially digested with Aflll After heat in 

bCdlle JESTr* 7? ^ ,ra9m6nt ^ W6re ,N,ed Wfth Kl — zym y e. Trie DNA was inenlga e a 
blunt double stranded ohgo hnker containing a Pad site (5'-AATTGTCJTAATJAACCGCTTAA-3') This linker was made 
by annealing ,the .following two oligonucleotides: 5'-MTTGTCTTMTTAACCG^3 and 5'-AATTGCGGTTAATTAAGAC- 
din^S 9 ^ n0W en2yme ' Aftef P reci P» ation ° f »» "Sated DNA to change buffer, the ligations were 

digested with an excess Pad enzyme to remove concatameres of the oligo. The 22016 bp partial fragment containing 
Ad5 sequences from bp 3534 up to 21 566 and the vector sequences, was isolated in LMP agarose (SeaPlaque GTC) 
rehgated and transformed into competent DH5a. One clone that was found to contain the Pad site and that had retained 
Si )AmS° ^ Sel6Cted and Sequenced at the 5 ' end t0 verif y correct in se"i°n of the Pad linker in the 

5. P Br/Ad.Bam-rlTRpac#2 (ECACC deposit P97082 120) and oBr/Ad Bam-rlTR#8 (ECACC deposit P97082121) 

[0023] To allow insertion of a Pad site near the ITR of Ad5 in clone pBr/Ad.Bam-rlTR about 190 nucleotides were 
removed between the Clal site in the P Br322 backbone and the start of the ITR sequences. This was done 1 Slow? 
pB /AdBam-r.TR was d.gested with Clal and treated with nuclease Bal31 for varying lengths of time (2' 5 10 and 
15) The extent of nucleotide removal was followed by separate reactions on P Br322 DNA (also digested at the Clal 

dS Z 8 T and C ° nditi0nS - Ba ' 31 enZyme Was inactivated b * incubati °" - 75«C for 1 0 minutes the 

DNA was precipitated and resuspended in a smaller volume of TE buffer. To ensure blunt ends, DNAs were TuZr 



30 



35 



40 



45 



50 



7 



EP 1 279 738 A1 

treated with T4 DNA polymerase in the presence of excess dNTPs. After digestion of the (control) pBi322 DNA with 
Sail, satisfactory degradation (~ 1 50 bp) was observed in the samples treated for 1 0" or 1 5'. The 1 0' or 1 5" treated pBr/ 
Ad.Bam-rlTR samples were then ligated to the above described blunted Pad linkers (See pBr/Ad.Aflll-Bam) Ligations 
were purified by precipitation, digested with excess Pad and separated from the linkers on an LMP agarose gel After 
religation, DNAs were transformed into competent DH5a and colonies analyzed. Ten clones were selected that showed 
a deletion of approximately the desired length and these were further analyzed by T-track sequencing (T7 sequencing 
kit, Pharmaca Biotech). Two clones were found with the Pad linker inserted just downstream of the rITR. After digestion 
with Pad, clone #2 has 28 bp and clone #8 has 27 bp attached to the ITR. 

pWE/Ad.Aflll-rlTR (ECACC deposit P97082116) 

[0024] Cosmid vector pWE15 (Clontech) was used to clone larger Ad5 inserts. First, a linker containing a unique 
Pad site was inserted in the EcoRI sites of pWE15 creating pWE.pac. To this end. the double stranded Pad oligo as 
described for pBr/Ad.Aflll-BamHI was used but now with its EcoRI protruding ends. The following fragments were then 
isolated by electro-elution from agarose gel: pWE.pac digested with Pad, pBr/Aflll-Bam digested with Pad and BamHI 
and P Br/Ad.Bam-rlTR#2 digested with BamHI and Pad. These fragments were ligated together and packaged using 
1 phage packaging extracts (Stratagene) according to the manufacturer* protocol. After infection into host bacteria 
colon.es were grown on plates and analyzed for presence of the complete insert. pWE/Ad.Aflll-rlTR contains all ade- 
novirus type 5 sequences from bp 3534 (Aflll site) up to and including the right ITR (missing the most 3' G residue). 

pBr/Ad.1ITR-Sal(9.4) (ECACC deposit P97082115) 

[0025] Adeno 5 wt DNA was treated with Klenow enzyme in the presence of excess dNTPs and subsequently di- 
gested with Sail. Two of the resulting fragments, designated left ITR-Sal(9.4) and Sal(16.7)-right ITR respectively 
were isolated in LMP agarose (Seaplaque GTG). P Br322 DNA was digested with EcoRV and Sail and treated with 
phosphatase (Life Technologies). The vector fragment was isolated using the Geneclean method (BIO 101 Inc ) and 
ligated to the Ad5 Sail fragments. Only the ligation with the 9.4 kb fragment gave colonies with an insert. After analysis 
and sequencing of the cloning border a clone was chosen that contained the full ITR sequence and extended to the 
Sail site at bp 9462. 

pBr/Ad.1ITR-Sal(16.7) (ECACC deposit P97082118) 

[0026] P Br/Ad.llTR-Sal(9.4) is digested with Sail and dephosphorylated (TSAP, Life Technologies). To extend this 
clone upto the third Sail site in Ad5, pBr/Ad.Cla-Bam was linearized with BamHI and partially digested with Sail A 7 3 
kb Sail fragment containing adenovirus sequences from 9462-1 6746 was isolated in LMP agarose gel and liqated to 
the Sail-digested pBr/Ad.HTR-Sal(9. 4) vector fragment. 

pWE/Ad.Aflll-EcoRI 

[0027] pWE.pac was digested with Clal and 5' protruding ends were filled using Klenow enzyme. The DNA was then 
digested with Pad and isolated from agarose gel. pWE/Aflll-rlTR was digested with EcoRI and after treatment with 
Klenow enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was isolated from 
agarose gel and ligated to the Clal-digested and blunted pWE.pac vector using the Ligation Express™ kit from Clontech 
After transformation of Ultracompetent XL10-Gold cells from Stratagene, clones were identified that contained the 
expected insert. pWE/Aflll-EcoRI containes Ad5 sequences from bp 3534-27336. 

Construction of new adapter plasmids 

[0028] The absence of sequence overlap between the recombinant adenovirus and E1 sequences in the packaging 
cell line is essential for safe, RCA-free generation and propagation of new recombinant viruses. The adapter plasmid 
pMLPl.TK is an example of an adapter plasmid designed for use according to the invention in combination with the 
improved packag.ng cell lines of the invention. This plasmid was used as the starting material to make a new vector 
in which nucleic acid molecules comprising specific promoter and gene sequences can be easily exchanged 
[0029] First, a PCR fragment was generated from P ZipAMo+PyF101(N-) template DNA (described in PCT/ 
NL96/001 95) with the following primers: LTR-1 : 5-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA AAA ATA 
CAT AAC TG-3' and LTR-2: 5-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG 
ACT CAG TCA ATC G - 3 ' Pwo DNA Polymerase (Boehringer Mannheim) was used according to manufacturers 
protocol with the following temperature cycles: once 5' at 95°C; 3' at 55°C; and 1 1 at 72°C, and 30 cycles of V at 95°C 
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DMLPlo^Lt^ J by °"° e 10 31 7Z, °- The PCR product was then <«**ted with BamHI and ligated into 

PMLP10 (Levrero et al 1991) vector d.gested with Pvull and BamHI, thereby generating vector pLTRIO iSnSSS 
contains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part o L Mo-MuLV 

hav,n 9 rts w,,d - , yP e e^ncer sequences replaced by the enhancer from a mutant polyoma^ (PyF101 > 
promoter fragment was designated L420. Next, the coding region of the murine HSA gen^ wa^nserted TtS 0 ™l 
djgested with BstBI followed by Klenow treatment and digestion with Nco.. The HSA gene was obtaS bv PCR am 

TCG^TGGC S^ar^HS^^G^A^AT^^ 6 f °" 0win9 P rimers: HSA1 • 5"-GCG CCA TGG GCA CGA 
I. 2 ' 5 " GTT AGA TCT MG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA 

3'. The 269 bp amplified fragment was subcloned in a shutt.e vector using the Nco. and Bgll. Sequ^chq cm" 

"ta^ 

. I °o ^ codonTne cod,n 9 re 9 ,on of t"e HSA gene, including the TAG duplication was then excised as . 2 
pSSSSi ^ ,ra9ment ^ C '° ned int ° *• 3 5 Rb Ncol ^)^B.(b.unt) fragment from pLT^O reTuCn 

s'S ^2^ ^ EC ° R ' 8nd BamH ' «** ,ra9ment containin 9 the left ITR, packaging 

replacng the promoter and gene sequences. This resulted in the new adapter plasmid pAd/1420-HSA that contains 
convement recogmfon sites for various restriction enzymes around the promoter and gene ^ence T SnaBl and 
Avrl. can be combined with Hpal, Nhel, Kpn., Hind.ll to exchange promoter sequences ^TS^SSiS 
Sn?? . C,a ' ° f " amH ' Sit6S 3 ' ,r ° m HSA COdin 9 to replace ge'nes in mis cIsS * 
TT1T P P J' T WaS d6Si9ned ,0 a " 0W 6aSy exchan 9 e of ™<*™ acid molecules was made by rep.acinq 
the promoter, gene and poly A sequences in pAd/L420-HSA with the CMV promoter, a multiple cloning site an S 

Ki'SSSS ? f T r P0S6, P Ad/L420 - HSA ™ <^sted Avr.l and Bglll foLea^Ci, S 
1Z Ttl a h , K n f S - ^ 51 ** fra9ment With pBr322 vector and adenoviral sequences was isolated ^nd 

hgated to a blunt 1570 bp fragment from pcDNA1/am (Invitrogen) obtained by digestion wrth Hhal and Avrl foTowS 
by treatment with T4 DNA polymerase. This adapter plasmid was named pCLIP. ° Wed 

Generation of recombinant adenoviruses 

SS arlXaS & reMant abuses with the new plasmid-based system, the following con- 

a) An adapter construct containing the expression cassette with the gene of interest linearised with a restriction 

b) A complementing adenoviral genome construct pWE/Ad.Aflll-rlTR digested with Pad. 

irSTn, DNA mol f u,es are further P urifie « by Phenol/chloroform extraction and EtOH precipitation. Co-transfection 
£Sn*T"? ? °? f en ° VirUS PaCkagin9 ce " line ' P referab| y a ce » «"* according to tne inventton generates 

Alternatively, instead of pWE/Ad.Aflll-rlTR other fragments can be used, e.g., pBr/Ad.Cla-Bam diqested with EcoRi 
and BamHI or pBrMd.Afl.l-BamH. digested with Pad and BamH. can be combined with piX2EE£^ 
Sail, in , h ,s case, three plasmids are combined and two homologous recombinations are needed to obtain atccT 
b nam adenov,rus. It ,s to be understood that those skilled in the art may use other combinations of adaDteJanZm 
plementing plasmids without departing from the present invention comoinanons of adapter and com- 

to produce several recomb.nant adenoviruses using various adapter plasmids and the Ad.Aflll-rlTR fraqment Aden 
cwus packaging cells (PER.C6) were seeded in 25 cm* flasks and the next day when they we e at -BoTcolencv 
trans acted w,th a m.xture of DNA and lipofectamine agent (Life Techn.) as described by L manufacture SS" 
40 jU l,po ectam,ne, 4 ^g adapter p.asmid and 4 M g of the complementing adenovirus genome fragment A m ZZ 

feKe^ 

aSSui T£S >7JL r ! ( f ? f 1 trans,ect,on > are obt ained as determined with control transfections using a 
£J22J£? T *!• la,6r ' Ce " S 3re paSSa96d 10 80 cm2 ,lasks and furt har cultured. ApproximateSe 

^SSSS^* reco w mbination ) to eleven days (for the double homologous recombination ZZ Sa£ 

S cp ! h ( k S *? ind,Catin9 ™ ,UnCti ° nal adenovirus has ,ormed - Ce »s and medium are harvesSuoon 
full CPE and recomb.nant v,rus ,s released by freeze-thawing. An extra amplification step in 80 cm* f.asteis outE 

SS?1? T I - yieW SinCe 31 ^ initia ' 81396 *• ti,erS are ,0und t0 be variab| e despite the £5££2 
full CPE. After amphteabon, v.ruses are harvested and p.aque purified on PER.C6 cells. Individual p^uSare tes^ 
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for viruses with active transgenes. 

[0031 ] Besides replacements in the E 1 region it is possible to delete or replace (part of) the E3 region in the adenovirus 
because E3 functions are not necessary for the replication, packaging and infection of the (recombinant) virus This 
creates the opportunity to use a larger insert or to insert more than one gene without exceeding the maximum package 
size (approximately 105% of wt genome length). This can be done, e.g., by deleting part of the E3 region in the pBr/ 
Ad.Bam-rlTR clone by digestion with Xbal and religation. This removes Ad5 wt sequences 28592-30470 including all 
known E3 coding regions. Another example is the precise replacement of the coding region of gp19K in the E3 region 
with a polylmker allowing insertion of new sequences. This, 1) leaves all other coding regions intact and 2) obviates 
the need for a heterologous promoter since the transgene is driven by the E3 promoter and pA sequences leavina 
more space for coding sequences. 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing the 5' part of the E3 region was cloned into the EcoRI 
site of pBluescript (KS~) (Stratagene). Next, the Hindlll site in the polylinker was removed by digestion with EcoRV and 
Hindi and subsequent religation. The resulting clone pBS.Eco-Eco/ad5DHIII was used to delete the gp19K codina 
region. Primers 1 (5'-GGG TAT TAG GCC AA AGG CGC A-3') and 2 (5'-GAT CCC ATG GAA GCT TGG GTG GCG 
ACC CCA GCG-3') were used to amplify a sequence from pBS.Eco-Eco/Ad5DHIII corresponding to sequences 28511 
to 28734 in wt Ad5 DNA. Primers 3 (5'-GAT CCC ATG GGG ATC CTT TAC TAA GTT ACA AAG CTA-3') and 4 (5'-GTC 
GCT GTA GTT GGA CTG G-3 1 ) were used on the same DNA to amplify Ad5 sequences from 29217 to 29476 The 
two resulting PCR fragments were ligated together by virtue of the new introduced Ncol site and subsequently digested 
with Xbal and Muni. This fragment was then ligated into the pBS.Eco-Eco/ad5AHIII vector that was digested with Xbal 
(partially) and Muni generating P BS.Eco-Eco/ad5AHIII.A gp19K. To allow insertion of foreign genes into the Hindlll 
and BamHI site, an Xbal deletion was made in pBS.Eco-Eco/ad5 AHIII.Agp19K to remove the BamHI site in the Blue- 
script polylinker. The resulting plasmid pBS.Eco-Eco/ad5AHIIIA gp19KAXbal, containes unique Hindlll and BamHI 
sites corresponding to sequences 28733 (Hindlll) and 2921 8 (BamHI) in Ad5. After introduction of a foreign gene into 
these sites, either the deleted Xbal fragment is re-introduced, or the insert is recloned into pBS.Eco-Eco/ad5AHIII 
Agp19K using Hindlll and for example Muni. Using this procedure, we have generated plasmids expressing HSV-TK 
hlL-1a, rat IL-3, luciferase or LacZ. The unique Srfl and Notl sites in the pBS.Eco-Eco/ad5AHIII.Agpl9K plasmid (with 
or without inserted gene of interest) are used to transfer the region comprising the gene of interest into the corresponding 
region of pBr/Ad.Bam-rlTR, yielding construct pBr/Ad.Bam-rlTRAgp1 9K (with or without inserted gene of interest) 
This construct is used as described supra to produce recombinant adenoviruses. In the viral context expression of 
inserted genes is driven by the adenovirus E3 promoter. Recombinant viruses that are both E1 and E3 deleted are 
generated by a double homologous recombination procedure as described above for E1 -replacement vectors usinq a 
plasmid-based system consisting of: 

a) an adapter plasmid for E1 replacement according to the invention, with or without insertion of a first aene of 
interest, y 

b) the pWE/Ad.Af!ll-EcoRI fragment, and 

c) the pBr/Ad.Bam-rlTRAgp1 9K plasmid with or without insertion of a second gene of interest. 

In addition to manipulations in the E3 region, changes of (parts of) the E4 region can be accomplished easily in pBr/ 
Ad.Bam-rlTR. Generation and propagation of such a virus, however, in some cases demands complementation in trans- 

Example 2: Generation of adenovirus serotype 5 based viruses with chimaeric fiber proteins 

[0032] The method described infra to generate recombinant adenoviruses by co-transfection of two, or more seperate 
cloned adenovirus sequences. One of these cloned adenovirus sequences was modified such that the adenovirus 
serotype 5 fiber DNA was deleted and substituted for unique restriction sites thereby generating "template clones" 
which allow for the easy introduction of DNA sequences encoding for fiber protein derived from other adenovirus se- 
rotypes. 

Generation of adenovirus template clones lacking DNA encoding for fiber 

[0033] The fiber coding sequence of adenovirus serotype 5 is located between nucleotides 31042 and 32787 To 
remove the adenovirus serotype 5 DNA encoding fiber we started with construct pBr/Ad.Bam-rlTR First a Ndel site 
was removed from this construct. For this purpose, P Br322 plasmid DNA was digested with Ndel after which protruding 
ends were filled using Klenow enzym. This P Br322 plasmid was then religated, digested with Ndel and transformed 
into E.coli DH5 a. The obtained pBr/ANdel plasmid was digested with Seal and Sail and the resulting 3198 bp vector 
fragment was ligated to the 15349 bp Seal-Sail fragment derived from pBr/Ad.BamrlTR, resulting in plasmid pBr/Ad 
Bam-rlTRANdel which hence contained a unique Ndel site. Next a PCR was performed with oligonucleotides NY-up- 
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5'- CGA CAT ATG TAG ATG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3* 

And NY-down: 5'-GGA GAC CAC TGC CAT GTT-3\ During amplification, both a Ndel (bold face) and a Nsil restriction 
site (underlined) were introduced to facilitate cloning of the amplified fiber DNAs. Amplification consisted of 25 cycles 
of each 45 sec. at 94°C, 1 min. at 60°C, and 45 sec. at 72*C. The PCR reaction contained 25 pmol of oligonucleotides 
NY-up or NY-down, 2mM dNTP, PCR buffer with 1 .5 mM MgCfe, and 1 unit of Elongase heat stable polymerase (Gibco 
The Netherlands). One-tenth of the PCR product was run on an agarose gel which demonstrated that the expected 
DNA fragment of ± 2200 bp was amplified. This PCR fragment was subsequently purified using Geneclean kit system 
(Bio101 Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as well as the PCR product were digested with restric- 
tion enzymes Ndel and Sbfl. The PCR fragment was subsequently cloned using T4 ligase enzyme into the Ndel and 
Sbfl digested pBr/Ad.Bam-rlTRANdel, generating pBr/Ad.BamR A Fib. This plasmid allows insertion of any PCR ampli- 
fied fiber sequence through the unique Ndel and Nsil sites that are inserted in place of the removed fiber sequence 
Viruses can be generated by a double homologous recombination in packaging cells described infra using an adapter 
plasmid, construct pBr/Ad.Aflll-EcoRI digested with Pad and EcoRI and a pBr/Ad.BamRAFib construct in which het- 
erologous fiber sequences have been inserted. To increase the efficiency of virus generation, the construct pBr/Ad 
BamRAFib was modified to generate a Pad site flanking the right ITR. Hereto, pBr/Ad.BamRAFib was digested with 
Avrll and the 5 kb adenofragment was isolated and introduced into the vector pBr/Ad.Bam-r)TR.pac#8 replacing the 
corresponding Avrll fragment. The resulting construct was named pBr/Ad.BamRA Fib.pac. Once a heterologous fiber 
sequence is introduced in pBr/Ad.BamRAFib.pac, the fiber modified right hand adenovirus clone may be introduced 
into a large cosmid clone as described for pWE/Ad.Aflll-rlTR in example 1 . Such a large cosmid clone allows generation 
of adenovirus by only one homologous recombination making the process extremely efficient 

Amplification of fiber sequences from adenovirus serotypes 

[0034] To enable amplification of the DNAs encoding fiber protein derived from alternative serotypes degenerate 
oligonucleotides were synthesized. For this purpose, first known DNA sequences encoding for fiber protein of alterna- 
tive serotypes were aligned to identify conserved regions in both the tail-region as well as the knob-region of the fiber 
protein. From the alignment, which contained the nucleotide sequence of 19 different serotypes representing all 6 
subgroups, (degenerate) oligonucleotides were synthesised. The amplification reaction (50 u!) contained 2 mM dNTPs 
25 pmol of each oligonucleotide, standard 1x PCR buffer, 1,5 mM MgCfe, and 1 Unit Pwo heat stable polymerase 
(Boehrmger) per reaction. The cycler program contained 20 cycles, each consisting of 30 sec. 94°C, 60 sec. 60-64°C, 
and 120 sec. At 72°C. One-tenth of the PCR product was run on an agarose gel which demonstrated that a DNA 
fragment was amplified. Of each different template, two independent PCR reactions were performed after which the 
independent PCR fragments obtained were sequenced to determine the nucleotide sequence. From 11 different se- 
rotypes, the nucleotide sequence could be compared to sequences present in genbank. Of all other serotypes the 
DNA encoding fiber protein was previously unknown and was therefore aligned with known sequences from other 
subgroup members to determine homology i.e. sequence divergence. Of the 51 human serotypes known to date all 
fiber sequences, except for serotypes 1 . 6, 1 8, and 26, have been amplified and sequenced. 

Generation of fiber chimaeric adenoviral DNA constructs 

[0035] All amplified fiber DNAs as well as the vector (pBr/Ad.BamR AFib) were digested with Ndel and Nsil The 
digested DNAs was subsequently run on a agarose gel after which the fragments were isolated from the gel and purified 
using the Geneclean kit (Bio101 Inc). The PCR fragments were then cloned into the Ndel and Nsil sites of pBr/Ad- 
BamRAFib, thus generating pBr/AdBamRFibXX (where XX stands for the serotype number of which the fiber DNA was 
isolated). Sofar the fiber sequence of serotypes 5/7/8/9/10/11/12/13/14/16/17/19/21/ 24/ 27/ 28/ 29/ 30/ 32/ 33/ 
34/ 35/ 36/ 37/ 38/40-S/ 40-L/ 41 -S/ 42/45/ 47/ 49/ 51 have been cloned into pBr/AdBamRFibXX. From pBr/AdBamR- 
FibXX (where XX is 5/ 8/ 9/10/11/13/16/1 7/ 24/ 27/ 30/ 32/ 33/ 34/ 35/ 38/ 40-S/40-U 45/ 47/ 49/ 5 1 ) a cosmid clone 
in pWE/Ad.Af IH-rlTR (see example 1 ) was generated to facilitate efficient virus generaion. This cosmid cloning resulted 
in the formation of construct pWE/Ad.Aflll-rlTR/FibXX (where XX stands for the serotype number of which the fiber 
DNA was isolated) 



Generation of recombinant adenovirus chimaeric for fiber protein 

[0036] To generate recombinant Ad 5 virus carrying the fiber of serotype 1 2, 1 6, 28, 40-L, 51 , and 5, three constructs 
pCLIP/luciferase, pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (XX = 12, 16, 28, 40-L, 51, and 5) were transfected 
into adenovirus producer cells. To generate recombinant Ad5 virus carrying the fiber of 5/7/8/9/10/11/12/13/14/ 
1 6/ 1 7/ 1 9/ 21/ 24/ 27/ 28/ 29/ 30/ 32/ 33/34/ 35/ 36/ 37/ 38/ 40-S/ 40-L7 41 -SI 42/45/ 47/ 49/ 51 , two contructs pCLIP/ 
luciferase and pWE/Ad.Aflll-rlTR/FibXX were transfected into adenovirus producer cells 
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For transfection, 2 ug of pCLIP/luciferase, and 4 ug of both pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (or in case 
of cosmids: 4 ug of pC LI P/Iucif erase plus 4 ug of pWE/Ad.Aflll-rlTR/FibXX) were diluted in serum free DMEM to 100 
ul total volume. To this DNA suspension 100 ul 1x diluted Hpofectamine (Gibco) was added. After 30 minutes at room 
temperature the DNA-lipofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subse- 
quently added to a T25 cm 2 tissue culture flask. This flask contained 2x1 0 6 PER.C6 ceils that were seeded 24-hours 
prior to transfection. Two hours later, the DNA-lipofectamine complex containing medium was diluted once by the 
addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Again 24 hours later the medium was replaced by 
fresh DMEM supplemented with 10% fetal calf serum. Cells were cultured for 6-8 days, subsequently harvested, and 
freeze/thawed 3 times. Cellular debri was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of 
the supernatant (12.5 ml) 3-5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re- 
infection results in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described 
above. 

Example 3: Production, purification, and titration of fiber chimaeric adenoviruses 

[0037] Of the supernatant obtained from transfected PER.C6 cells 10 ml was used to inoculate a 1 liter fermentor 
which contained 1 - 1 .5 x 10 6 cells/ ml PER.C6 that were specifically adapted to grow in suspension. Three days after 
inoculation, the cells were harvested and pelleted by centrifugating for 10 min at 1750 rpm at roomtemperature. The 
chimaeric adenoviruses present in the pelleted cells were subsequently extracted and purified using the following 
downstream proccesing protocol. The pellet was disolved in 50 mMO mM NaP0 4 - and frozen at -20°C. After thawing 
at 37°C, 5.6 ml deoxycolate (5% w/v) was added after which the solution was homogenated. The solution was subse- 
quently incubated for 1 5 minutes at 37°C to completely crack the cells. After homogenizing the solution, 1 875 ul (1 M) 
MgCI 2 - was added and 5 ml 100% glycerol. After the addition of 375 uJ DNAse (1 0 mg/ ml) the solution was incubated 
for 30 minutes at 37°C. Cell debri was removed by centrifugation at 1 880xg for 30 minutes at room temperature without 
the brake on. The supernatant was subsequently purified from proteins by loading on 1 0 ml of freon. Upon centrifugation 
for 15 minutes at 2000 rpm without brake at room temperature three bands are visable of which the upper band rep- 
resents the adenovirus. This band was isolated by pipetting after which it was loaded on a Tris/HCI (1M) buffered 
caesiumchloride blockgradient (range: 1.2 to 1.4 gr./ml). Upon centrifugation at 21000 rpm for 2.5 hours at 10°C the 
virus was purified from remaining protein and celldebri since the virus, in contrast to the other components, does not 
migrate into the 1 .4 gr./ ml caesiumchloride solution. The virus band is isolated after which a second purification using 
a Tris/ HCI (1M) buffered continues gradient of 1 .33 gr./ml of caesiumchloride is performed. After virus loading on top 
of this gradient the virus is centrifuged for 1 7 hours at 55000 rpm at 1 0°C. Subsequently the virus band is isolated and 
after the addition of 30 of of sucrose (50 w/v) excess caesiumchloride is removed by three rounds of dialysis, each 
round comprising of 1 hour. For dialysis the virus is transferred to dialysis slides (Slide-a-lizer, cut off 1 0000 kDa, Pierce, 
USA). The buffers used for dialysis are PBS which are supplemented with an increasing concentration of sucrose 
(round 1 to 3: 30 ml, 60 ml, and 150 ml sucrose (50% w/v)/ 1.5 liter PBS, all supplemented with 7.5 ml 2% (w/v) 
CaMgCI 2 ). After dialysis, the virus is removed from the slide-a-lizer after which it is aliquoted in portions of 25 and 100 
ul upon which the virus is stored at -85°C. 

To determine the number of virus particles per milliliter, 100 ul of the virus batch is run on an high pressure liquid 
chromatograph (HPLC). The adenovirus is bound to the column (anion exchange) after which it is eluted using a NaCI 
gradient (range 300-600 mM). By determining the area under the virus peak the number of virus particles can be 
calculated. To determine the number of infectious units (IU) per ml present in a virus batch, titrations are performed 
on 911 cells. For this purpose, 4x10 4 911 cells are seeded per well of 96-well plates in rows B, D, and F in a total 
volume of 1 00 ul per well. Three hours after seeding the cells are attached to the plastic support after which the medium 
can be removed. To the cells a volume of 200 ul is added, in duplicate, containing different dilutions of virus (range: 
10 2 times diluted to 2x1 0 9 ). By screening for CPE the highest virus dilution which still renders CPE after 14 days is 
considered to contain at least one infectious unit. Using this observation, together with the calculated amount of virus 
volume present in these wells renders the number of infectious units per ml of a given virus batch. The production 
results i.e. virus particles per ml and IU per ml or those chimaeric adenoviruses that were produced, all with the luci- 
ferase cDNA as a marker, are shown in table 2. 

Example 4: Transduction of human mesenchymal stem cells 

[0038] The adherent fraction derived from a bone marrow aspirate obtained from a healthy donor was cultured in 
Duibecco's modified Eagle's medium (DMEM) supplemented with D-glucose (1gr/ liter), sodium pyruvate and sodium- 
bicarbonate (4.4 gr/liter), L-glutamine (2mM), penicillin (1 00 U/ml), streptomycin (1 00 ug/ ml), and 1 0% heat inactivated 
fetal calf serum. Cells were passaged in a 1 :2 ratio upon reaching confluency. For transduction, cells were seeded at 
a concentration of 5x1 0 4 cells per well of 24-well plates, and allowed to adhere for 24 hours. Cells were subsequently 
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exposed to 1000 virus particles per cell of Ad5 or the fiber chimaeric viruses Ad5.Fib12, Ad5.Fib16 Ad5 Fib32 
Ad5.Fib35, Ad5.Fib40-S, Ad5.Fib40-L, Ad5.Fib45, or Ad5.Fib51 . The fibers 40-S and 40-L represent the short and the 
long fiber of serotype 40 respectively. Forty-eight hours after virus addition cells were harvested, and lysed by addition 
of 100 ii\ of cell-lysis buffer (PBS/ 1% Triton-X100). Luciferase activity was determined using a bioluminescence ma- 
chine, the luciferase assay kit from Promega™ (catalog no. E-1 501 ) and the instructions provided by the manufacturer 
The results of the luciferase transgene expresssion measured in mesenchymal stem cells after transduction with the 
panel of fiber chimaeric viruses is shown in figure 1. The results demonstrate that several fiber chimaeric viruses 
perform better on fibroblasts as compared to the parent vector (Ad5). These viruses carry the fiber from a subgroup B 
virus i.e. 1 6, 35, and 51 . Also, one subgroup D virus (Ad5.Fib32) seems better equipped for transducing mesenchymal 
stem cells. Both Ad5.Fib40-S and Ad5.Fib40-L (subgroup F) perform similar or only slightly better as compared to Ad5 
In a next experiment we tested the ability of Ad5Fib1 6 carrying other marker genes to infect mesenchymal stem cells. 
Hereto, The cells were exposed for two hours to an increasing vector dose of A5 or AdSFib 1 6 carrying green fluorescent 
protein as a marker (Figure 2a). Forty-eight hours later cells were harvested, and using a flow cytometer, the cells were 
tested for GFP expression. The results obtained demonstrated that, based on the percentage of cells positive for the 
marker gene, Ad5.Fib16 is much more potent compared to Ad5 for the genetic modification of mesenchymal stem 
cells. Also, mesenchymal stem cells were seeded in a biodegradable polymeric scafolld and cells were exposed to 
Ad5.Fib1 6 carrying LacZ as a marker gene. Again 48 later cells were stained for LacZ expression (figure 2b) Clearly 
the cells stained blue after transduction with Ad5.Fib16 again showing the efficiency by which Ad5.Fib16 infects Mes- 
enchymal stem cells. Finally, we tested the expression of a marker gene over time to investigate the duration of ex- 
pression. Hereto, HBSCs were exposed for one hour to 1 000 or 500 virus particles per cell of Ad5.Fib1 6 carrying LacZ 
The number of cells scored positive for LacZ was monitored at 24, 48, 72, 120, 144, and 168 hours after the one hour 
virus exposure. With a dose of 5000 virus particles per cell all cells were infected since 100% of the cells stained 
positive for LacZ at 48 hours after virus exposure (figure 3a). Generally the time required to obtain optimal expression 
after infection is 48 hours. Since the number of LacZ positive ceils remained at 1 00% for all time points tested, i.e until 
1 68 hours after infection it can be concluded that each cell nucleus contains at least 4 copies of the Ad5Fib1 6 genome 
since 4 cell doublings did not dilute out the virus. In the latter experiment we also monitored the viability of the transduced 
cells either infected with 1000 or 5000 virus particles per cell. As control non-transduced cells were analyzed Base 
on the percentage of viable ceils after transduction with Ad5Fib16, it can be conclude that even a dose of 5000 virus 
particles per cell does not significantly changes the cellular viability. All together these results show that the improved 
vectors identified are extremly potent to infect Human bone marow stroma cells or mesenchymal stem cells without 
compromising the cellular viability. These results thus pave the road to start studies aimed at optimizing the quantity 
and quality of bioartificial engineered bone j 

FIGURE AND TABLE LEGENDS 

[0039] 

Table 1: Association of different human adenovirus serotypes with human disease. 

Table 2: Production results of recombinant fiber chimaeric adenoviruses. Results in virus particles per milliliter as 
determined by HPLC. 

Figure 1 : Screening the fiber chimaeric viruses for the presence of viruses that are better suited for transduction 
of primary human mesenchymal stem cells. The dose used is 1000 virus particles per cell. Luciferase activity is 
expressed (the y-axis) in relative light units (RLU). 

Figure 2: Transduction of Human bone marrow stroma cells (MSCs) with Ad5.Fib16. (A): HBSCs were exposed 
for one hour to 1 00, 500, or 1 000 virus particles of Ad5 or Ad5.Fib1 6. Forthy-eight hours later cells were screened 
using a flow cytometer for the expression of GFP. Shown is the average ± standard deviation percentage of cells 
that are positive for GFP (N=3). (B) HBSCs were exposed to 5000 virus particles perc ell and seeded in a polymeric 
scaffold. Forty-eight hours after virus exposure the cells were stained for LacZ expression. As a control for the 
LacZ staining reaction, non-transduced cells (no virus) was taken along. 

Figure 3: duration of marker gene expression and toxicity of Ad5Fib16 on mesenchymal stem cells. (A) HBSCs 
were exposed for one hour to 1000 or 5000 virus particles per ceil of Ad5Fib16 lacZ. Cells were stained for LacZ 
expression at different time points after virus exposure. (B) Cells were infected for one hour with 1000 or 5000 
virus particles. At different timepoints after exposure to Ad5Fib16 cells were harvest and the viability of the cell 
population was determined. As a control cells not exposed (0) to virus were taken along. 



13 



EP 1 279 738 A1 

REFERENCES 
[0040] 

CiToS 227^39^ Wade " G " 1 " 7 " Fib6r 9SneS ° f adenoviruses with tr °P ism eye and the genita. tract. 

S ? R - Ri ff ' R L- Reynolds, B.A., Magli, M.C., Vescovi, A.L (1999) Turning brain into blood: a hemat- 
opoietic fate adopted by adult neural stem cells in vivo. Science 283, p534-537. 

Boden, S.D., Viggeswarapu, M., Liu, Y, Hair. G.A.. Ugbo, J.L., titus, L. (2000). Adenoviral delivery of LIM miner- 

SSSS de novo bone ,orma,ion in vivo - Abstract 204 Keystone s ™ osia J — ' 

Bout, A. (1996) Prospects for human gene therapy. Eur. J. Drug Met. and Pharma. 2, 175-179. 

STt Hoo B i a r kenSte !^' T " ST" 8 '' M - Cohe "- Ha 9enauer, O., Gansbacher, B., Russel, S., Sorrentino. B. and 
Velu, T. (1 995) Cancer Gene Ther. 2: 291-297. 

Brody, S.L. and Crystal, R.G. (1 994) Adenovirus mediated in vivo gene transfer. Ann. N. Y. Acad. Sci. 71 6:90-1 01 . 

Bruder, S.P., Fink. D.J., Caplan, A.I. (1 994) Mesenchymal stem cells in bone development, bone repair, and skeletal 
regeneration therapy. J. Cell. Biochem. 56: p283-294. sxeieiai 

Chen, S-J.. Wilson, J.M., Vallance, D.K., Hartman, J.W., Davidson, B.L. Roessler. B.J.(1995) A recombinant ad- 

Chroboczek J Ruigrok R.W.H., and Cusack S.. 1995. Adenovirus fiber, p. 163-200. In: W. Doerfler and P. Bohm 
(ed.), The molecular repertoire of adenoviruses, I. Springer-Verlag. Berlin. 

T^T^T' PaU ' M G - : y a ' eri0 °- : de VrieS ' AAF " (2000) - Pro,on 9 ed trans 9 ene expression provided by 
a high-capacity adeno-associated virus/ adenovirus hybrid vector. Molecular Therapy Vol. 1 (no 5). abstract 351 , 

Crosbie O.M., Reynolds, M., McEntee, G., Traynor. O., Hegarthy, J.E., O-Farrelly, C. (1999) In vitro evidence for 
the presence of hematopoietic stem cells in the adult human liver. Hepatology 29, pi 1 93-11 98. 

Dechanet J.. Merville P., Durand I., Banchereau J., Miossec P. (1 995) The ability of synoviocytes to support terminal 
differen^hon of activated B cells may explain plasma cell accumu.ation in rheumatoid synovium. J cl I2£ 

c h e ,Hl rC '-;K elin M k" Cail ' et t° Udin M " and Bou| angerP. 1990. Human adenovirus-hostcell interactions; comparative 
study with members of subgroup B and C. Journal of Virology 64 (8): 3661 -3673. 

? 6 .S i m" *?™T b01 f Verwei j- Ui i ,e ^al M.W., Slaterus K.W., Wertheim-Van Dillen P.. Van Doornum G. 
i SH 7 H,erh ° lze ' J-C (1999) Adenoviruses from human immunodeficiency virus-infected individuals in- 

SSSS. 6 " new candida,e serotypes Ad50 and Ad51 of species 61 and D - respec,ivel * J 

Feng, M.; Jacksin, W.H.; Goldman, C.K.; RancourtC; Wang M .; Dusing, S.K.; Siegal. G; Curiel. D.T. (1997 Stable 
in vivo gene transduction via a novel adenoviral/ retroviral chimeric vector. Nature biotechnology. Vol 1 5. p866-870. 

P.!" ™ "« B , L ^T 61, C M .' KnUdS ° n ' D L and Br0W "' R (1991) c, essification and nomenclature of viruses 
Fifth report of the international Committee on taxonomy of viruses. Arch. Virol. Suppl. 2: 140-144. 

^'psTg-^r' 3nd ° aP,an " A l ' (1 " 4) Bi0 '° 9iCal resurfacin9: an a "ernative to total joint arthroplasty. Othopedics 



14 



EP 1 279 738 A1 

ITc^ 

Hiemolzer, J.C. (1992) Adenovirus in the immunocompromised host. Clin. Microbiol Rev. 5: 262-274. 

A^lt^^L R - U - Adrian " T - and Gold ' J W M - < 1988 ) Adenoviruses from patients with 

^ 804 il 3 Sef0tyPeS 3 SCfiPti0n °' ^ " eW Ser0tyPeS °' SUb9enUS ° <^ eS ^ J Dis! 

Hynes. R.O. (1992) Integrins: versatility, modulation and signalling in cell adhesion. Cell 69: 11-25. 
cr p teri 2 M 49 a ?56 Y r e ' K <1984) ^ aMuS * S ' »* Ginsber9 ' ^-.Plenum Press, Londen, New York. 

ctr:^ 

Khoo, S R, Bailey, A.S., De Jong, J.C, and Mandal, B.K. (1995). Adenovirus infections in human immunodefi- 
ciency virus-positive patients: Clinical features and molecular epidemiology. J. Infect. Dis 172: 62^7 

n^s A ^Z°^3-s4. CUSa ° k ' S,> ^ RUi9r ° k ' R W (1 " 3) Aden ° virus ^ 40 virions contain dfe,inct 

KSJ « b Tf aVa I , G • V •• D ° U , 9 ' aS JT and CUfiel DT (1 " 6) Generation of recombinant adenovirus vectors 
with modified fibers for altering viral tropism. J. Virol. 70(1 0) : 6839-6846. 

Krasnykh V.N., Dmitriev I., Mikheeva G., Miller C.R., Belousova N. and Curiel D.T. (1998) Characterization of an 
ad^ovirus vector containing a heterologous peptide epitope in the HI loop of the fiber 72(3): 

PeT-i mTioq^o ff 3 S 'U Ba " ay A - Ba,Sam ° C - Avanta 99 ia « ^-L, Natoli G., Skellekens H., Tiollais P 
v'vo Gene 1 01 : P 1 95^ n ° nde,eCtiV6 aden ° VirUS 9enes in vitra a "<* 

nmtin'^n F " ' K^ 3 " 8 * 6 ' R ( 1999 >- Gene »>W adenovirus mediated human bone morphogenesis 

=00 Erscrsssr pro9enitor cen proii,eration and di,,erentiation in vit - a " d b °" e 

Prockop, D.J. (1997) Marrow stromal cells as stem cells for nonhematopoietic tissues. Science 276: p71-74. 

Sam T^TZ^V^ Y - Ber9e,SOn ' J M ' Rnberg ' R W - Br0U9h ' D E - Kovesdi - a <* 
Wickham, T.J. (1998) The coxsack.e-adenovirus receptor protein can function as a cellular attachment protein for 

adenovirus serotypes from subgroups A, C, D, E, and F. J. Virol. 72: p7909-7915. 

Schnurr, D and Dondero, M.E. (1993) Two new candidate adenovirus serotypes. Intervirol. 36: p79-83. 

2S e G 0 ; rr pi 3 "! ISTpSSP Adenovirus 3 ,iberpolypeptide 9ene: Co — * *° 

Stevenson S.C., Rollence M. f White B., Weaver L. and 

ZS^ffil&£XE m sero,ypes 3 and 5 bind 10 m different Mr receptors via ,he 

Stevenson S.C., Rollence M.. Marsha.l-Neff J. and McClelland A. (1997) Selective targeting of human cells by a 



15 



EP 1 279 738 A1 

chimaeric adenovirus vector containing a modified fiber protein. J. Virology 71 (6): 4782-4790. 

Svensson, V. and Persson, R. (1984). Entry of adenovirus 2 into Hela cells. J. Virol. 51. 687-694. 

2*6070.'' WeibU "' C " E ' ,n,eC,i0US ^ P3thWay ° f adenovi ™ tvpe 2. J. Virol 65, 

Wakitani S, Goto J Pineda SJ, Young RG, Mansour JM, Caplan Al, Goldberg VM. (1994) Mesenchymal cell-based 
repa.r of large, full-thickness defects of articular cartilage. J Bone Joint Surg Am 76: p579-592 

r^pl^^ r ?rn M E Vr d 1 " 5 ' Tar9eti " 9 ° f adenovirus P enton base «° receptors through 

replacement of its RGD mot.f with other receptor-specific peptide motifs. Gene Therapy 2: 750-756 

^IT' J J , l R> CheriSh> ° A - and Nemerow ' G R - (1993 > ,n,e 9 rins avb3 ®*5 promote adenovirus 
internalization but not virus attachment. Cell 73, 309-31 9. 

fm e nHi'rS a T U: B T' B J ; K Ladorala ' M J - : °" Conel1 . B C - (2000. Genomic integration and gene expression by 
a modified adenoviral vector. Nature, vol 1 8, pi 76-1 80 



Table 1 



Syndrome 


Subgenus 


Serotype 


Respiratory illness 


A 


31 




B 


3, 7,11,14, 21,34, 35, 51 




C 


1,2,5,6 




D 


39, 42-48 




E 


4 


Keratoconjunctivitis (eye) 


B 


11 




D 


8, 19, 37, 50 


Hemorrhagic cystitis (Kidney) 


B 


7,11,14,16, 21,34, 35 


And urogenital tract infections 


C 


5 




D 


39, 42-48 


Sexual transmission 


C 


2 




D 


19, 37 


Gastroenteritis 


A 


31 




B 


3 




C 


1,2,5 




D 


28 




F 


40,41 


CNS disease 


A 


12, 31 




B 


3, 7 




C 


2, 5,6 




D 


32, 49 


Hepatitis 


A 


31 




C 


1,2,5 
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Table 1 (continued) 



Syndrome 


Subgenus 


Serotype 


Disseminated 


A 


31 




B 


3, 7, 11,21 




D 


30, 43-47 


None (???) 


A 


18 




D 


9, 10, 13, 15 17, 20, 22-29, 33, 36, 38 | 



Table 2 



Adenovx rus 


Vxrus partxcles/ ml 


Ads* iDb 


2.2 x ID 1 * 




^-.y x io iA 


Aaor lDlO 


b.b x 10 11 


AQi>r XD11 

AHUC'-i H 


1.1 x lU iJ 




4.4 x lO 1 ^ 


AdbFxbl3 


~T — T — v — 1 ni2 ■ 


AdbFibl6 


1.4 x 10 ia 


AdbFxblV 


9.3 x 10" 


AdbFxb24 


1.0 x 10" 


AdbFxb27 ■ 


3.0 x 10" 


AdbVib30 


7.1 x 10" 


AdbFxb!42 


2.0 x 10 Aa 


AdbFxb33 


l.b x 10" 


AdbFxbJb 


2.0 X 1QM 


AdbtxDJU 


b.U x 10" 


AdbFib40-y 


3.2 x 10" 


AdbFxb40-L 


2.0 x lO 1 ^ 


AdbFxb4b 


2.8 x lO 1 ^ 


AdbFxb47 


2.6 x 10" 


Adbt'xb49 


1.2 x 10" 


AdbFibbl 


b.l x 10" 



Claims 

1 . A nucleic acid delivery vehicle having at least a tissue tropism for mesenchymal stem cells. 
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2. A nucleic acid delivery vehicle according to claim 1 , having at least partially reduced tissue tropism for liver cells. 

3. A vehicle according to anyone of claims 1 -2, wherein said tissue tropism is provided by at least a part of a virus 
capsid or a functional derivative and/or analogue thereof. 

4. A vehicle according to claim 3, wherein said virus capsid comprises proteins, or functional parts, derivatives and/ 
or analogues thereof, from at least two different viruses. 

5. A vehicle according to claim 4, wherein at least one of said viruses is an adenovirus. 

6. A vehicle according to claim 4 or claim 5, wherein at least one of said viruses is an adenovirus of subgroup B. 

7. A vehicle according to anyone of the claims 4-6, wherein at least one of said proteins comprises a tissue tropism 
determining part of a fiber protein derived from a subgroup B adenovirus in particular an adenovirus of serotype 
1 1 , 1 6, 35 and/or 51 or a functional derivative and/or analogue thereof. 

8. A vehicle according to claim 6 or claim 7, wherein said subgroup B adenovirus is adenovirus 1 6. 

9. A vehicle according to claim 6-8, further comprising at least one protein derived from an adenovirus not belonqinq 
to subgroup B, or a functional part, derivative and/or analogue thereof. 

1 0. A vehicle according to claim 9, wherein a protein or a functional part, derivative and/or analogue thereof not derived 
from an adenovirus of subgroup B is derived from an adenovirus of subgroup C. preferably of adenovirus 5. 

11. A vehicle according to anyone of the claims 1-10 comprising nucleic acid derived from an adenovirus. 

12. A vehicle according to anyone of the claims 1 -11 , comprising nucleic acid derived from at least two different ade- 
noviruses. 

13. A vehicle according to claim 11 or claim 12, wherein said nucleic acid at least encodes a fiber protein comprisinq 
at least a tissue tropism determining part of a subgroup B adenovirus fiber protein, in particular of a serotype 11 
1 6, 35 and/or 51 , preferably of adenovirus 1 6 or a functional derivative and/or analogue thereof. 

14. A vehicle according anyone of claims 11-13, wherein said adenovirus nucleic acid is a modified nucleic acid such 
that the capacity of said adenovirus nucleic acid to replicate in a target cell has been reduced or disabled pref erablv 
through a deletion of at least part of the E1 -region. 

15. A vehicle according to anyone of the claims 11-14, wherein said adenovirus nucleic acid is a modified nucleic acid 
such that the capacity of a host immune system to mount an immune response against adenovirus proteins en- 
coded by said adenovirus nucleic acid has been reduced or disabled, preferably through a deletion of E2A and/ 
or at least part of the E4-region. 

16. A vehicle according to anyone of claims 1-15, comprising a minimal adenovirus vector or an Ad/AAV chimaeric 
vector. 

17. A vehicle according to anyone of claims 1-16, further comprising at least one nucleic acid of interest. 

18. A vehicle according to anyone of claims 1-17, wherein said vehicle is a subgroup B adenovirus capsid comprising 
at least one nucleic acid of interest. a 

19. A vehicle according to claim 18, wherein said nucleic acid further comprises subgroup B adenovirus nucleic acid. 

20. A vehicle according to claim 1 9, wherein said subgroup B adenovirus nucleic acid has been deprived of the capacity 
to express E1 -region encoded proteins. 

21. A vehicle according to anyone of claims 18-20, wherein said subgroup B adenovirus is adenovirus 16. 

22. A method for the production of a vehicle according to anyone of claims 1 -21 , comprising providing a cell with means 
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!, 0 rnt» e n a T mb,y Veh ' C,e Wh6rein 8aW mea " S includes a means ,or 9™**** of an adenovirus fiber 
protem, wherein sa.d fiber prote.n comprises at least a tissue tropism determining part of a subgroup B adenovirus 

Zeof ' 3 Ser0tVPe 11 ' 16 ' 35 and/ ° r 51 aden0VifUS ,ibef Pr ° tein ° r 3 ,UnCti0nal derivative anal ^ 

23. A cell for the production of a vehicle according to anyone of claims 1-21. comprising means for the assembly of 
sa.d vehicle where.n sa.d means includes a means for the production of an adenovirus fiber protein, wherein said 
hber protein composes at least a tissue tropism determining part of a subgroup B adenovirus fiber protein in 
pabular a serotype 11. 16. 35 and/or 51 adenovirus or a functional derivative and/or analogue thereof preferably 
said cell is or is derived from a PER.C6 cell (ECACC deposit number 96022940). 

24. The use of a vehicle according to anyone of claims 1-21 as a pharmaceutical. 

25. The use of claim 24 for the treatment of a disease, treatable by transfer of a nucleic acid encoding a therapeutic 
proteinaceous molecule or RNA to mesenchymal stem cells. uierapeuiic 

26. The use of nucleic acid delivery vehicle according to anyone of claims 1-22. for the delivery of nucleic acid to 
mesenchymal stem cells. 

2? " Sbra°ry a Vehi ° ,e a ° C ° rdin9 10 any0 " e 0,claims 1 - 22 ' or a ce " accordin 9 Aetata 23. for the generation a nucleic 

28. The use of a fiber protein of adenovirus 16 or a functional part, derivative and/or analogue thereof, for the delivery 
of nucleic acid to a mesenchymal stem cell. y 

29 ' m^um^toidanJrit? aCC ° rdin9 * ^ °' C ' aimS ^ preparation of a medicament for the treatment of 
30 ' UreoT * °' aim ^ ** COmprises a 9 ene encodin 9 IL - 1 ° or a functional equivalent 

31. The use of a vehicle according to any one of claims 1-22 in tissue engineering. 

32, ZZ?^™^.^ accordin9 10 any one of c,aims 1 - 22 in - preparation of a madica - nt *» 

33 ' t^n™« f T'^Tor 1 T m CG " Pr ° Vided With 3 9ene ° f interest throu 9 h a 9 ene delivef V ^icle ^cording 
to any one of claims 1 -22 in the preparation of a medicament for providing bone regeneration 

M ' !!!„r accordin 9 toc,aim 32 or 33 «*»«ln said gene delivery vehicle is provided with a gene encoding bone 
morphogenesis protein-2 and/or LIM mineralisation protein-1 or a functional equivalent of either. 

35 ' tlTlvTJ a m | esenc , h y mal st ° m ceN P f0Vided w «" a gene of interest through a gene delivery vehicle according 
to any one of claims 1-22 in the preparation of a medicament for the treatment of multiple sclerosis. 

36. The use of a mesenchymal stem cell provided with a gene of interest through a gene delivery vehicle according 
to any one of claims 1 -22 in the preparation of a medicament for promoting angiogenesis. 

37. A mesenchymal stem cell comprising a nucleic acid delivered to said mesenchymal stem cell through a nucleic 
acid delivery vehicle according to anyone of claims 1 -21 . 
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Figure 1 
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Figure 2 
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Figure 3 
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